19 



Europaisch s Patentamt 
Eur pean Pat nt Offic 
Office uropeen des br v ts 




(fi) Publication number: 0 616 918 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 94301684.0 
(22) Date of filing : 09.03.94 



© int. ci. 5 : B60K 41/02, F16D 25/14 



(30) Priority : 25.03.93 US 37136 

@ Date of publication of application 
28.09.94 Bulletin 94/39 

@ Designated Contracting States : 
BE DE GB IT 

(rj) Applicant : CATERPILLAR INC. 
100 Northeast Adams Street 
Peoria Illinois 61629-6490 (US) 



@ Inventor: Coffman, Michael F. 
19 Woodford Way 
Metamora, Illinois 61548 (US) 
Inventor : Jantz, Paul E. 
912 E McClure Avenue 
Peoria, Illinois 61603 (US) 

(74) Representative : Jackson, Peter Arthur 
GILL JENNINGS & EVERY 
Broadgate House 
7 Eldon Street 
London EC2M 7LH (GB) 



(S) Electrohydraulic control device for a drive train of a vehicle. 

(57) An electrohydraulic control device (76) for a 
drive train (10) of a vehicle (12) is provided. The 
drive train (10) includes an engine (14), a trans- 
mission (32), a source of pressurized fluid, and 
an input clutch (64) connected between the 
engine (14) and the transmission (32). The con- 
trol device (76) senses the rotational output 
speed of the engine (14) and responsively en- 
gages and disengages the input clutch (64) as a 
function of the engine speed. 
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The present invention relates generally to an 
electrohydraulic control device and method for con- 
trollably operating a vehicle, and more particularly to 
an electrohydraulic control device having an electron- 
ic control module and one or more manually operated 5 
actuator mechanisms for affecting certain modes of 
operation of the drive line of the vehicle through the 
electronic control module including the engagement 
of a torque converter input clutch. 

In one conventional mode of "inching" of a vehicle 10 
the transmission is kept in gear and the brakes are 
manually modulated by use of a foot pedal. This is un- 
desirable because it requires considerable operator 
effort and because the service brakes experience a 
relatively rapid rate of wear. In another well known 15 
mode, when the vehicle's service brakes are applied 
by the depression of a foot pedal an associated disc 
and plate type transmission clutch is caused to slip so 
that the transmission is substantially neutralized. 
This is most often accomplished by the brake system 20 
fluid circuit acting upon an "inching" valve disposed 
between a pressure source and the clutch, as has 
been widely used in shuttle-type lift trucks. This is de- 
sirable since the vehicle's ground speed is reduced 
for more precise control, while the speed of the en- 25 
gine is maintained at a relatively high rate to enable 
a rapid response of the auxiliary equipment operated 
by the engine. However, controlled slip at a fixed set- 
ting of the manually operated control member in both 
of these modes of operation has heretofore been im- 30 
practical. 

In another conventional method of providing in- 
ching capabilities to a vehicle, an input clutch con- 
nected between a vehicle's engine and transmission 
is provided. Typically, the input clutch is actuated 35 
through an operator pedal. The operator pedal acts to 
engage and disengage the input clutch, thereby, 
varying the power transmitted by the drive train and 
slowing the vehicle. 

However, the engine typically also provides pow- 40 
er to vehicle systems other than the wheels, for exam- 
ple, earth digging implements or the steering system. 
If the operator attempts to accelerate the vehicle 
while performing some other operation, for example, 
steering or lifting a load, the load on the engine may 45 
be too much for the engine to handle and may "drag" 
or stall the engine. The increased load may also re- 
duce the vehicle and that of its subsystems response. 
The increase load will also increase the time required 
by the engine to accelerate from low idle to high idle. 50 

In one aspect of the present invention an electro- 
hydraulic control device for a drive train of a vehicle 
is provided. The drive train includes an engine, a 
transmission, a source of pressurized fluid, and an in- 
put clutch connected between the engine and the 55 
transmission. The control device senses the rotation- 
al output speed of the engine and responsively en- 
gages and disengages the input clutch as a function 



of the engine speed. 

In the accompanying drawings: 
Fig. 1 is a diagrammatic and pictorial view of an 
upper portion of one embodiment of the electro- 
hydraulic control device of the present invention 
that is separated from the lower remaining por- 
tion shown in Fig. 2; 

Fig. 2 is a diagrammatic view of the lower remain- 
ing portion of the electrohydraulic control device 
showing a vehicle's drive train that is controlled 
by an electronic control module as illustrated in 
Figs. 1 and 2; and 

Fig. 3 is an exemplary graph illustrating the mod- 
ulation of the input clutch as a function of the en- 
gine speed, according to an embodiment of the 
present invention. 

A drive train 10 for a vehicle 12 such as an earth- 
moving wheel loader or the like is illustrated in Fig. 2. 
The drive train includes an engine 14 having a shaft 
16 connected to drive a housing 18 of a hydrodynamic 
torque converter 20. The torque converter has a pump 
(P) or impeller element 22, a reactor (R) or reactor ele- 
ment 24 connected to a stationary support member 
26, and a turbine (T) or turbine element 28 connected 
to a centrally located output shaft 30. The portions lo- 
cated below the axis of the output shaft 30 have be n 
omitted, since it is well known that these bladed con- 
verter elements are annular. The output shaft 30 pro- 
vides the input to a multispeed transmission 32 that 
preferably has a plurality of interconnected planetary 
gear sets, not shown, selectively engaged in cooper- 
ating groupings by operation of a pair of disc-type di- 
rectional clutches or brakes 34 and 36, and a plurality 
of disc-type speed clutches or brakes 38, 40, 42 and 
44 as is schematically indicated. 

In the instant embodiment, four forward and four 
reverse speeds can be obtained with the actuation of 
a conventional hydraulically operated transmission 
control 46 having a plurality of pressure controlling 
valves therein, not shown, that are in selective com- 
munication with the clutches or brakes 34, 36, 38, 40, 
42 and 44. A charging pump 48 is effective to direct 
fluid from a tank or reservoir 50 to a conventional pri- 
ority valve 52 which has a preselected pressure set- 
ting, for example 320 psi (2,200 kPa). 

A separate charging pump 49 or pumps provides 
hydraulic power to other vehicle systems, for exam- 
ple, a work implement linkage or steering system 115. 
The separate charging pump or pumps 49 are also 
powered by the drive train. 

The drive train also has a disc-type input clutch 
or impeller clutch 64 located between the engine 14 
and the torque converter 20 for controllably coupling 
the rotating housing 18 to the pump element 22, and 
a disc-type lockup clutch 66 for selectively coupling 
the rotating housing to the turbine element 28 and th 
output shaft 30 for a direct mechanical connection 
that effectively bypasses the torque converter. The in- 
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put clutch 64 includes an annular piston 68 subject to 
movement clampingly against the usual interleaved 
plates and discs by pressurizing an annular actuating 
chamber 70, and the lockup dutch 66 includes an an- 
nular piston 72 and an annular actuating chamber 74 5 
for engagement purposes. 

An electrohydraulic control device 76 is provided 
for operation of the drive train 1 0 as is shown in both 
Figs. 1 and 2. The control device 76 includes an elec- 
tronic control module 78 connected to an electrical 10 
power source 79 and containing an internal micropro- 
cessor, not shown. The term microprocessor is meant 
to include microcomputers, microprocessors, inte- 
grated circuits and the like capable of being program- 
med. The electronic control module 78 contains suf- 15 
ficient electronic circuitry to convert input signals 
from a plurality of sensors and switches to a form 
readable by the microprocessor, and circuitry to gen- 
erate sufficient power to drive a plurality of solenoids 
for actuating the transmission 32, the impeller clutch 20 
64, and the lockup clutch 66 according to the micro- 
processor output signals as will be described later. 
The microprocessor is programmed with preselected 
logic rules for receiving one or more manually select- 
ed operating signals and a plurality of automatically 25 
generated operating signals. 

The upper left portion of Fig. 1 illustrates first ac- 
tuator means or a first actuator mechanism 80 for op- 
erating the transmission control 46 and changing the 
gear ratio and/or direction of the vehicle 12. Such ac- 30 
tuator means includes an upstanding control handle 
82 having speed selector means or a speed selector 
apparatus 84 including an actuating element 86 for 
changing the gear ratio of the vehicle 12, and direc- 
tional selector means or a directional selector appa- 35 
ratus 88 including another actuating element 90 for 
changing the direction of longitudinal travel of the ve- 
hicle. 

More particularly, in one embodiment the actuat- 
ing element 86 is movable by an operator's thumb 40 
about a pivot axis 92 to any one of four gear ratio pos- 
itions as indicated by an indicia plate 94 on the control 
handle 82. A conventional rotary electrical switch, not 
illustrated within the control handle, directs electrical 
signals corresponding to these four gear ratio or 45 
speed positions through a wiring harness 96 to the 
electronic control module 78. Similarly, the opera- 
tor's trigger finger can bias the rockable actuating 
element 90 to any one of three positions. 

In another embodiment, the rotary switch is re- so 
placed by an upshift switch and a downshift switch. 
Actuation of the upshift and downshift switches di- 
rects electrical signals to the electronic control mod- 
ule 78. The electronic control module 78 responsively 
shifts the transmission to the next respective highest 55 
or lowest gear ratio. 

A three-way electrical switch (not shown) within 
the control handle, can direct electrical signals 



through the same wiring harness 96 to the electronic 
control module 78 corresponding to the FORWARD, 
NEUTRAL and REVERSE modes of operation of the 
transmission control 46. 

As shown in Fig. 2, another wiring harness 98 ex- 
tends from the electronic control module 78 to six pi- 
lot operating solenoid valves 100, 102, 104, 106, 108 
and 110 corresponding to FORWARD, REVERSE, 
and FIRST, SECOND, THIRD and FOURTH gear ra- 
tios respectively, and hereinafter referred to as trans- 
mission solenoids. 

Alternatively, the directional and/or speed clutch- 
es may be mechanically actuatable through a con- 
ventional lever arm and control valves. 

The electronic control module 78 automatically 
receives two control signals. As shown in Fig. 2, an 
engine speed sensor 112 is mounted on a stationary 
portion of the drive train 10 for providing an electrical 
frequency signal in a signal line 114 proportionate to 
the rotational speed of the engine shaft 16 or the ro- 
tating housing 18 connected directly thereto. Another 
speed sensor 116 directs an electrical signal to the 
electronic control module via a signal line 118 corre- 
sponding to the rotational speed of the torque conv r- 
ter output shaft 30, and also the direction of rotation 
thereof which is carried by the pattern of the signal in 
a conventional manner. The speed of the torque con- 
verter output shaft is equal to the input speed of the 
transmission. 

Referring to Fig. 1, the electrohydraulic control 
device 76 includes a control member or depressible 
left pedal 122 that is rockable about a transversely 
oriented pivot pin. As the left pedal is depressed from 
an elevated position to an intermediate position the 
ability of the input clutch 64 to transmit torque to the 
pump element 22 from the engine 1 4 is proportionate- 
ly reduced. When the left pedal 122 is depressed to 
a preselected position, braking of the vehicle 12 is ini- 
tiated through service brakes. 

Furthermore, electrohydraulic control device 76 
preferably has a right control member or pedal 154 ef- 
fective when manually depressed about a pivot pin to 
increase the speed of the vehicle's engine 14. Alter- 
natively, the right pedal 154 can be depressed to pro- 
vide an engine speed-reducing function, since it is im- 
material whether the right pedal acts as an accelera- 
tor or a decelerator. 

Fig. 2 shows that the second actuator means 120 
for controlling the degree of engagement of converter 
input clutch 64 includes a solenoid-operated or elec- 
tromagnetic impeller clutch valve 1 70 that is connect- 
ed to the electronic control module 78 by an electrical 
signal line 172. This valve is hydrautically connected 
to the first conduit 54 by a branch supply conduit 174, 
to the reservoir 50 by a branch drain conduit 1 76, and 
to the input clutch chamber 70 by a control conduit 
178. In general, the impeller clutch valve 170 is a 
three-way proportional pressure r ducing valve that 
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decreases the pressure in control conduit 178 with an 
increase in the coil current in the signal line 172 lead- 
ing to a solenoid 180. 

The electrohydraulic control device 76 includes 
third actuator means or a third actuator mechanism 
232 for controllably engaging the lockup clutch 66 at 
a preselected speed of the converter output shaft 30 
to obtain a direct mechanical connection therebetw- 
een. The third actuator means 232 includes a sole- 
noid-operated or electromagnetic lockup clutch valve 
234 responsive to the electronic control module 78. 

The electrohydraulic control device 76 provides 
manual and automatic control of the drive train, in 
particular, control of the lockup clutch and input or im- 
peller clutch. One such system is disclosed in US-A- 
5040648. 

In the preferred embodiment the electrohydraul- 
ic control device 76 controllably modulates the con- 
trol valve 170 to engage and disengage the input 
clutch as a function of the engine speed during accel- 
eration. 

With reference to Fig. 3, when engine speed is 
below a first predetermined value, for example 1200 
RPM, the control valve 170 is actuated to maintain a 
first input clutch pressure A. When engine speed is 
above a second predetermined value, for example 
1400 RPM, the control valve 170 is actuated to main- 
tain a second input clutch pressure B. During accel- 
eration between the first and second predetermined 
values, the valve 170 is actuated to modulate the in- 
put clutch pressure between the first and second in- 
put clutch pressures as shown. In the preferred em- 
bodiment, the input clutch pressure (B) at the second 
predetermined value is set at the maximum clutch 
pressure available. The maximum clutch pressure is 
dependent upon the hydraulic system supplying oil to 
the clutch. However, clutch pressure B may be set at 
some lesser value. 

Modulation of the clutch pressure is accomplish- 
ed with a computer lookup table in a manner well 
known in the art. 

Clutch pressures A and B are experimentally de- 
termined and are a function of the vehicle type and 
size, among other factors. For example in one em- 
bodiment, clutch pressure A is determined as the 
minimum pressure required to maintain vehicle posi- 
tion when the vehicle is on an 11 percent grade. 

Industrial Applicability 

With respect to the drawing and in operation, the 
present invention provides automatic control of an in- 
put clutch during acceleration. The electrohydraulic 
control device provides automatic and manual control 
over a drive train. More specifically, manual control 
over an input clutch is provided by an operator pedal 
and automatic control is provided in accordance with 
a set of logic rules. 



Additionally in accordance with the present in- 
vention, the electrohydraulic control device provides 
automatic control of the input clutch during accelera- 
tion. As discussed above, when engine speed is be- 

5 low a predetermined value, input clutch pressure is 
maintained at an experimentally derived minimum 
pressure (A). During acceleration, input clutch pres- 
sure is modulated as a function of engine speed. 
When the engine speed reaches a second predeter- 

10 mined value, input clutch pressure is maintained at a 
second predetermined pressure (B). 

Operator actuation of the operator pedal 122 
overrides the modulation discussed above. 

15 

Claims 

1 . An electrohydraulic control device (76) for a drive 
train (10) of vehicle (12) including an engine (14), 

20 a transmission (32), a source of pressurized fluid, 

and an input clutch (64) driving connected be- 
tween the engine (14) and the transmission (32), 
comprising: 

means for sensing the rotational output 

25 speed of the engine (14) and responsively pro- 

ducing an engine speed signal; 

valve means for controllably directing fluid 
under pressure from the source to the input clutch 
(64) to controllably engage and disengage the in- 

30 put clutch (64); 

an electronic control module (78) adapted 
to receive said engine speed signal and control- 
lably actuate said valve means as a function of 
said engine speed signal. 

35 

2. An electrohydraulic control device (76), as set 
forth in claim 1, wherein said electronic control 
module (78) is adapted to controllably actuate 
said valve means to maintain a first predeter- 

40 mined pressure within the input clutch (64) in re- 

sponse to said engine speed signal being below 
a first predetermined threshold. 

3. An electrohydraulic control device (76), as set 
45 forth in 2, wherein said electronic control module 

(78) is adapted to controllably actuate said valve 
means to maintain a second predetermined pres- 
sure within the input clutch (64) in response to 
said engine speed signal being above a second 
50 predetermined threshold. 

4. An electrohydraulic control device (76), as set 
forth in claim 3, wherein said electronic control 
module (78) is adapted to controllably actuate 

55 said valve means to modulate pressure within the 

input clutch (64) between said first and second 
predetermined pressures in response to said en- 
gine speed signal being between said first and 
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second predetermined thresholds. 

5. An electrohydraulic control device (76) for a drive 
train (10) of a vehicle (12) including an engine 
(14), a transmission (32), a source of pressurized 5 
fluid, and an input clutch (64) driving connected 
between the engine and the transmission (32), 
comprising: 

means for sensing the rotational output 
speed of the engine (14) and responsively pro- w 
ducing an engine speed signal; 

valve means for controllably directing fluid 
pressure from the source to the input clutch (64) 
to controllably engage and disengage the input 
clutch (64); 15 

an electronic control module (78) adapted 
to receive said engine speed signal and control- 
lably actuate said valve means as a function of 
said engine speed signal, wherein said electronic 
control module (78) is adapted to controllably ac- 20 
tuate said valve means to maintain a first prede- 
termined pressure within the input clutch (64) in 
response to said engine speed signal being be- 
low a first predetermined threshold, to maintain a 
second predetermined pressure within the input 25 
clutch (64) in response to said engine speed sig- 
nal being above a second predetermined thresh- 
old, and to modulate pressure within the input 
clutch (64) between said first and second prede- 
termined pressures in response to said engine 30 
speed signal being between said first and second 
predetermined thresholds. 
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